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Abstract—We introduce the α-κ-µ shadowed (α-KMS) fading
distribution as a natural generalization of the versatile α-κ-µ
and α-η-µ distributions. The α-KMS fading distribution unifies
a wide set of fading distributions, as it includes the α-κ-µ, α-
η-µ, α-µ, Weibull, κ-µ shadowed, Rician shadowed, κ-µ and η-
µ distributions as special cases, together with classical models
like Rice, Nakagami-m, Hoyt, Rayleigh and one-sided Gaussian.
Notably, the α-KMS distribution reduces to a finite mixture of
α-µ distributions when the fading parameters µ and m take
positive integer values, so that performance analysis over α-
KMS fading channels can be tackled by leveraging previous
(existing) results in the literature for the simpler α-µ case. As
application examples, important performance metrics like the
outage probability and average channel capacity are analyzed.
Index Terms—α-µ fading, channel capacity, κ-µ shadowed
fading, outage probability, stochastic channel modeling.
I. INTRODUCTION
The α-µ distribution originally proposed by Yacoub [1, 2]
has become very popular in the context of wireless channel
modelling, due to not only its reasonably simple analytical
form but also because of its improved fit to field measure-
ments. Its original formulation was motivated by the interest
on exploring and eventually characterizing the non-linearity
of the propagation medium. Interestingly, the α-µ distribution
arises as a power transformation over the received signal
envelope in a Nakagami-m set-up, in a similar way as the
Weibull distribution is obtained from an underlying Rayleigh
distribution.
The α-η-µ and α-κ-µ distributions [3] arose as gener-
alizations of the equally popular and versatile κ-µ and η-
µ distributions [4–6]. Despite their versatility on extending
the range of propagation conditions which they are able to
model, their applicability for performance analysis purposes
is hindered by the complicated form of their chief probability
functions, and the scarce results available in the literature often
have complicated form [7–9], compared to their α-µ fading
counterparts.
In [10, 11], the κ-µ shadowed fading distribution was
introduced with the aim of generalizing the κ-µ distribution
by allowing the dominant specular components to randomly
fluctuate. This effect was introduced through an additional
This work has been submitted to the IEEE for possible publication.
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parameter m similar to that in the Nakagami-m distribution,
and provided additional flexibility to the model in order
to better accommodate to field measurements. It was later
demonstrated in [12] that, somehow counterintuitively, the κ-
µ shadowed fading model included as special cases both the
κ-µ and η-µ distributions. This allows to unify both fading
models under a common, more general model with a similar
mathematical complexity. Besides, in the special cases of
considering integer values for the fading parameters µ and
m, the probability density function (PDF) and the cumulative
distribution function (CDF) of the κ-µ shadowed fading model
are expressed in terms of a finite sum of powers and expo-
nentials [13]. Hence, in these circumstances, its tractability is
as simple as if the simple Nakagami-m model was assumed.
As we can see from the previous works, the considera-
tion of channel propagation effects like non-linearity of the
propagation medium and the fluctuation of dominant specular
components have been tackled separately to the best of our
knowledge. In order to fill this gap, and therefore to jointly
consider both effects, we formulate the α-κ-µ shadowed
fading model (α-KMS) as a natural generalization of the
κ-µ shadowed fading model, which inherits its main key
features: (i) it includes as special cases both the α-κ-µ and
the α-η-µ fading models; (ii) it also includes as special cases
virtually all classical models (Nakagami, Hoyt, Rice, κ-µ, η-µ,
Weibull, α-µ, Rician Shadowed); (iii) for integer values of µ
(corresponding to the physical model based on clusters in [6])
and m, the α-KMS model can be expressed as a finite mixture
of α-µ distributions, which implies that performance analysis
over α-KMS fading channels is as tractable as the α-µ case.
Hence, the α-KMS fading model not only generalizes but also
simplifies the analysis of the baseline fading models from
which it originates. We exemplify the tractability of the α-
KMS fading channel model by analyzing two key performance
metrics, i.e., the outage probability and the average channel
capacity. In both cases, we provide analytical expressions
for these performance metrics, together with simple but tight
approximations in the high signal-to-noise ratio (SNR) regime.
The remainder of this paper is structured as follows: the
physical model for the α-KMS fading distribution is described
in Section II, whereas the statistical characterization of this
distribution is carried out in Section III. The application to
system performance analysis is introduced in Section IV,
covering outage probability and average channel capacity.
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2Numerical results are presented in Section V, and conclusions
are discussed in Section VI.
II. PHYSICAL MODEL – α-KMS FADING DISTRIBUTION
According to the physical model of the κ-µ shadowed
fading distribution originally given in [10], the received sig-
nal envelope RS can be expressed as a superposition of µ
multipath clusters in the following form:
R2S =
µ∑
i=1
(Xi + ξpi)
2
+
µ∑
i=1
(Yi + ξqi)
2
. (1)
Within each cluster, the scattered components are modeled
as zero-mean independent Gaussian random variables (RVs),
i.e. Xi, Yi ∼ N (0, σ2) ∀ i, whereas the dominant components
are defined by the real parameters pi and qi. The RV ξ is
defined so that its square value is gamma distributed with unit
mean and shape parameter m, i.e. ξ2 ∼ Γ(m, 1/m), which
ultimately encapsulates any sort of amplitude fluctuation suf-
fered by the line-of-sight (LoS) component.
The physical models of the α-µ, α-κ-µ and α-η-µ fading
distributions are formulated by applying a power transforma-
tion over the received signal envelope, in a similar way as
the Weibull distribution is derived from the Rayleigh model.
Using this approach [2], the received signal envelope R in an
α-KMS fading environment is given by
Rα =
µ∑
i=1
(Xi + ξpi)
2
+
µ∑
i=1
(Yi + ξqi)
2 (2)
where α > 0 is a real number characterizing the non-linearity
of the propagation medium. Note that, if α = 2 then (2)
reduces to (1). The α-KMS model is completely defined by
the set of parameters α, µ, m and κ =
∑µ
i (p
2
i + q
2
i )/(2σ
2).
In the following derivations, we will pursue the statistical
characterization of the RVs arising from this physical model.
We will focus on the characterization of the instantaneous SNR
under α-KMS fading, defined as γ = γR2/E
[
R2
]
, where γ
is the average SNR. From the formulations for γ, those of the
received signal envelope R can be easily obtained by using a
simple change of variables.
III. STATISTICAL CHARACTERIZATION
A. Definitions
Definition 1 (α-µ distribution): Let γ be a real RV char-
acterizing the instantaneous SNR under α-µ fading [6], with
mean γ = E [γ] and real shape parameters α and µ. Then, the
PDF of γ is given by
fαµ(γ;α, µ; γ) =
α
2Γ(µ)
Dµα/2γαµ/2−1e−γ
αDα/2 , (3)
with D =
Γ(µ+ 2α )
γΓ(µ) , and Γ(·) being the gamma function [14,
8.310].
B. Chief Probability Functions
Lemma 1 (The α-KMS distribution: PDF): Let γ be a
real RV characterizing the instantaneous SNR under α-KMS
fading, with γ = E[γ] and non-negative real shape parameters
α, κ, µ and m, i.e. γ ∼ Akms (γ;α, κ, µ,m). Then, its PDF
is given by
fγ(γ) =
mmα
2cµΓ(µ) (µκ+m)
m
γ
(
γ
γ
)αµ
2 −1
exp
(
−1
c
(
γ
γ
)α
2
)
× 1F1
(
m,µ;
µκ
c(µκ+m)
(
γ
γ
)α
2
)
, (4)
where 1F1(·) is the confluent hypergeometric function [15, Eq.
(13.1.2)] and
c =
 (µκ+m)mΓ(µ)
mmΓ
(
µ+ 2α
)
2F1
(
m,µ+ 2α ;µ;
µκ
µκ+m
)
α/2 , (5)
with 2F1(·) denoting the Gauss hypergeometric function [15,
Eq. (15.1.1)].
Proof: Using standard techniques of transformation of
random variables, and starting from the original expressions
given in [10, 11] for the κ-µ shadowed fading distribution, the
PDF of the signal amplitude R can be deduced as
fR(r) =
mmαrαµ−1
Ωαµ/2cµΓ(µ) (µκ+m)
m exp
(
− r
α
Ωα/2c
)
× 1F1
(
m,µ;
µκrα
Ωα/2c(µκ+m)
)
, (6)
where Ω = E
[
R2
]
. Finally, since γ = γR
2
Ω we can obtain the
desired PDF as fγ(γ) = 12
√
Ω
γγ fR
(√
Ωγ
γ
)
.
Lemma 2 (The α-KMS distribution: CDF): Let γ be a
real RV characterizing the instantaneous SNR under α-KMS
fading, with γ = E[γ] and non-negative real shape parameters
α, κ, µ and m, i.e. γ ∼ Akms (γ;α, κ, µ,m). Then, its CDF
is given by
Fγ(γ) =
mm
µcµΓ(µ)(µκ+m)m
(
γ
γ
)αµ/2
(7)
× Φ2
(
µ−m,m, µ+ 1;− 1c
(
γ
γ
)α
2
,−
(
γ
γ
)α
2 m
c(µκ+m)
)
,
where Φ2 is the confluent bivariate hypergeometric function
defined in [16, Eq. (7.2)].
Proof: Following the same steps as in the previous proof,
using now as a starting point the CDF of R in [10, 11], we
obtain the desired result.
Lemma 3 (The α-KMS distribution: Moments): Let γ be a
real RV characterizing the instantaneous SNR under α-KMS
fading, with γ = E[γ] and non-negative real shape parameters
α, κ, µ and m, i.e. γ ∼ Akms (γ;α, κ, µ,m). Then, the nth
moment of the SNR is given by
E [γn] = γn
mmΓ
(
µ+ n 2α
)
c
2n
α
Γ(µ)(µκ+m)m
2F1
(
m,µ+ n
2
α
;µ; µκµκ+m
)
.
(8)
3TABLE I
CONNECTIONS BETWEEN THE α-KMS FADING MODEL AND OTHER
MODELS IN THE LITERATURE.
Channels α-KMS Fading Parameters
One-sided normal α = 2, κ = 0, µ = 1/2, ∀ m
Rayleigh α = 2, κ = 0, µ = 1, ∀ m
Nakagami-m α = 2, κ = 0, µ = m, ∀ m
Hoyt α = 2, κ = (1− q2)/(2q2), µ = 1, m = 1/2
η-µ α = 2, κ = (1− η)/(2η), µ = 2µ, m = µ
Rice α = 2, κ = K, µ = 1 , m→∞
κ-µ α = 2, κ = κ, µ = µ , m→∞
Rician shadowed α = 2, κ = K, µ = 1 , m = m
κ-µ shadowed α = 2, κ = κ, µ = µ , m = m
Weibull α = α, κ = 0, µ = 1 , ∀ m
α-µ α = α, κ = 0, µ = µ , ∀ m
α-κ-µ α = α, κ = κ, µ = µ , m→∞
α-η-µ α = α, κ = (1− η)/(2η), µ = 2µ, m = µ
Proof: Using (4) and [14, Eq. (7.621 4)] yields the desired
result.
Expressions (4), (7) and (8) are new in the literature to
the best of our knowledge, and their validity has been ex-
tensively corroborated using Monte Carlo simulations. Direct
inspection of the chief statistics of the newly proposed fading
model reveals that they pose no additional challenges from
a computational perspective that those of the κ-µ shadowed
fading case [10, 11]. We note that the confluent bivariate
hypergeometric function Φ2(·) also appears in state-of-the-art
fading models [17–19], and can be efficiently evaluated [20].
The connections between the α-KMS distribution and other
popular fading models are summarized in Table I. Notably,
the α-κ-µ and the α-η-µ distributions proposed in [3] from
two different underlying physical models are now expressed
as special cases of the α-KMS distribution.
C. Integer values of µ and m
As with the original κ-µ shadowed fading distribution [13],
the expressions for the PDF and CDF of the α-KMS model
are considerably simplified when considering both m and µ
parameters to be positive integer numbers. Thus, using again
standard techniques of transformation of random variables
from the original expressions in [13], simplified expressions
for the PDF and CDF are given in the following lemma.
Lemma 4 (The α-KMS distribution with integer µ and m):
Let γ be a real RV characterizing the instantaneous SNR under
α-KMS fading, with γ = E[γ] and non-negative real shape
parameters α, κ, and integer shape parameters µ and m. Then,
the PDF and the CDF of γ can be expressed in closed-form
as
fγ(γ) =
M∑
i=0
Ci
α
2
(
γα/2cBi
)mi γαmi/2−1(mi − 1)! exp
(
− γ
α/2
γα/2cBi
)
,
(9)
Fγ(γ) = 1−
M∑
i=0
Ci exp
(
− γ
α/2
γα/2cBi
)mi−1∑
j=0
1
j!
(
γα/2
γα/2cBi
)j
,
(10)
where the parameters M , Ci, mi and Bi are expressed in
Table II in terms of the parameters κ, µ and m.
Proof: Using the same steps as in the derivation of (4)
and (7), now using as starting points the simplified PDF and
CDF for the case of m and µ being integers given in [13], the
proof is completed.
We observe that the PDF and the CDF in this case are
expressed in terms of a finite sum of powers and exponential
functions. This greatly simplifies the numerical evaluation of
the statistics of the α-KMS distribution, as well as facilitates
subsequent mathematical derivations for performance analysis
purposes. Taking a deeper look at the expressions in Lemma
4, and using the definition for the α-µ distribution in (3), we
see that the α-KMS distribution can be seen as a finite mixture
of α-µ distributions, as
fγ(γ) =
M∑
i=0
Cifαµ(ωi;α,mi, γ) (11)
where
ωi =
γ(cBi)
2/αΓ(mi + 2/α)
Γ(mi)
. (12)
Because of this finite mixture representation for the α-
KMS distribution, its PDF is given as a weighted sum of
α-µ PDFs. This implies that any system performance metric
for the α-KMS fading channel (with integer µ and m) can
be directly obtained from previous (existing) results for the
conventional α-µ case, without the need to resort to further
analytical manipulations.
IV. APPLICATIONS
A. Outage probability
The outage probability is defined as the probability that the
instantaneous SNR falls below a predefined threshold value
γth, i.e., Pout , Pr{γ < γth}. Hence, the OP under α-KMS
fading can be directly obtained by evaluating the CDF of the
SNR in (7) as Pout = Fγ(γth).
In the high-SNR regime, i.e., γ →∞, the Φ2(·) function in
(7) tends to one, so the asymptotic OP can be approximated
as
Pout|γ⇑ ≈
mm
µcµΓ(µ)(µκ+m)m
(
γth
γ
)αµ/2
. (13)
Direct inspection of (13) reveals that the diversity order of
the α-KMS fading model (i.e., the asymptotic decay of the
OP) is d = αµ/2.
4TABLE II
PARAMETER VALUES FOR THE α-KMS DISTRIBUTION WITH INTEGER µ AND m,
Case µ > m Case µ ≤ m
M = µ M = m− µ
Ci =

0 i = 0
(−1)m (m+i−2
i−1
)× [ m
µκ+m
]m [
µκ
µκ+m
]−m−i+1
0 < i ≤ µ−m
(−1)i−µ+m−1 ( i−2
i−µ+m−1
)× [ m
µκ+m
]i−µ+m−1 [
µκ
µκ+m
]−i+1
µ−m < i ≤ µ
Ci =
(m−µ
i
) [
m
µκ+m
]i [
µκ
µκ+m
]m−µ−i
mi =
{
µ−m− i+ 1, 0 ≤ i ≤ µ−m
µ− i+ 1 µ−m < i ≤ µ mi = m− i
Bi =
{
1, 0 ≤ i ≤ µ−m
µκ+m
m
µ−m < i ≤ µ Bi =
µκ+m
m
B. Average channel capacity
The average channel capacity per unit bandwidth is defined
as
C(γ) ,
∫ ∞
0
log2 (1 + γ) fγ(γ), (14)
i.e., the instantaneous Shannon capacity averaged over all
possible fading states. An integral expression for this capacity
can be obtained by plugging (4) into (14). In the specific
case of µ and m being integers, the capacity can be directly
obtained from that of the α-µ case using (11) and the results
in [21, Eq. (2)].
In the high-SNR regime, the average capacity can be
approximated by [22, Eq. (8)]
C(γ)
∣∣
γ⇑ = log2(γ)− L (15)
where
L = −log2(e)
d
dn
E{γn}
γn
∣∣∣∣
n=0
= −log2(e)
d
dn
G(n)
∣∣∣∣
n=0
= −log2(e)G′(0). (16)
From [22, Eq. (3)] and (8) and applying the derivative
product rule, we have
G′(0) =
2
α
(ψ(µ) + ln(c))+
mm
(µκ+m)m
∂P (n)
∂n
∣∣∣∣
n=0
, (17)
with P (n) = 2F1
(
m,µ+ n 2α ;µ;
µκ
µκ+m
)
and where ψ(·) is
the digamma function [15, Eq. (6.3.1)]. Finally, using the result
for the derivative of the Gauss hypergeometric function given
in [12, app. B] the asymptotic capacity admits the following
expression:
C(γ)
∣∣
γ⇑ = log2γ +
2
α
log2e
[
ψ(µ) + lnc− ln
(
m
µκ+m
)
−κ(µ−m)
µκ+m
3F2
(
µ−m+ 1, 1, 1;µ+ 1, 2; µκ
µκ+m
)]
,
(18)
where 3F2(·) is a generalized hypergeometric function [16, p.
19].
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Fig. 1. Evaluation of the α-KMS fading PDF for different values of α, with
γ = 1 (i.e., 0 dB). Parameter values are κ = 3, µ = 3.2 and m = 7.3.
V. NUMERICAL RESULTS
A. Effect of fading parameters
We now exemplify how the fading parameters of the α-
KMS fading model affect the shape of the distribution. For
the sake of compactness and because of space limitations, we
focus on the PDF of the SNR.
The evolution of the PDF in (4) as the shape parameter α
varies is represented in Fig. 1, where the rest of parameters
are set to fixed values, i.e., γ = 1 (i.e. 0 dB), κ = 3, µ = 3.2
and m = 7.3. We see that as α is increased, the probability
of having very low SNR values is reduced and the SNR tends
to be more concentrated around its mean value γ .
The effect of the parameter κ is now investigated in Fig. 2.
We analyze the cases on which m > µ and m < µ separately.
Besides, in order for these PDFs not to be overlapped in the
figure, we set different values of γ for each situation whereas
α = 2.3 in all cases. Inspecting the solid line curves in Fig. 2,
we see that when m > µ increasing κ reduces the fading
severity in the sense that low SNR values are less likely.
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Fig. 2. Evaluation of the α-KMS fading PDF for different values of κ. Solid
lines correspond to the m > µ case, with γ = 1 (i.e., 0 dB) and parameter
values α = 2.3, µ = 1.8 and m = 5.5. Dashed lines correspond to the
m < µ case, with γ = 2 (i.e., 3 dB) and parameter values α = 2.3, µ = 5.5
and m = 1.8.
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Fig. 3. Evaluation of the α-KMS fading PDF for different values of µ, with
γ = 1 (i.e., 0 dB). Parameter values are α = 1.8, κ = 4 and m = 6.
However, the converse behavior is observed when m < µ. In
this case, because the fluctuations of the dominant components
are larger than those of the diffuse components, the fading
severity is increased as κ grows. We note that similarly to
the κ-µ shadowed case [12], setting µ = m implies that the
parameter κ has no effect over the shape of the distribution.
Hence, for the sake of compactness this latter comparison is
not included in the figure.
In Fig. 3 we study the effect of changing the parameter µ
over the shape of the PDF, for γ = 1, κ = 4, α = 1.8 and
m = 6. We see that increasing µ, i.e., increasing the number
of clusters in (2), is beneficial in terms of fading severity and
hence low SNR values have lower probability as µ grows.
Finally, the effect of the parameter m is depicted in Fig. 4,
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m→∞
Fig. 4. Evaluation of the α-KMS fading PDF for different values of m, with
γ = 1 (i.e., 0 dB). Parameter values are α = 2.1, κ = 5 and µ = 3.
with the rest of parameters being set to α = 2.1, κ = 5 and
µ = 3. We observe that lower values of m are translated into
a larger probability of having low SNR values, i.e. a larger
fading severity. As m grows, the effect of LOS fluctuations
vanishes and the SNR values tend to be more concentrated
around γ = 1. For sufficiently large values of m, the α-KMS
distribution tends to overlap with the α-κ-µ one, for which
the limit case of m→∞ is also represented in the figure. We
note that the convergence in distribution between the α-KMS
distribution and the α-κ-µ distribution as m → ∞ can be
formally proven using Levy’s continuity theorem as in [13].
B. Performance analysis
In Fig. 5, the OP under α-KMS fading is evaluated as a
function of the average SNR (normalized to the threshold value
γth), for different values of the fading parameter α. Exact
and approximate expressions for the OP are computed by
evaluating (7) and (13), respectively. Monte Carlo simulations
(with markers) are superimposed to double-check the validity
of the theoretical expressions. We see that the OP is improved
as α is increased, and that the asymptotic OP values are tight
for sufficiently large γ/γth. We also see that the OP curves
exhibit different diversity orders as α changes.
In Fig. 6, the average capacity is analyzed for different
values of the fading parameter α, by using (14) and (18)
together with Monte Carlo simulations. The capacity of the
AWGN case is also included as a reference value, as it always
upperbounds the capacity of a fading channel due to Jensen’s
inequality. We see that as α is reduced, the capacity is also
reduced. Conversely, as α grows, the performance gap with
respect to the AWGN case is reduced.
VI. CONCLUSION
We introduced the α-KMS fading model for the first time
in the literature, which is strongly motivated by two main
reasons: unification of two families of apparently unrelated
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Fig. 5. Outage probability vs. normalized γ for α-KMS fading with κ = 3.1,
µ = 3, m = 2 and different values of α.
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Fig. 6. Average capacity vs. γ for α-KMS fading with κ = 3.1, µ = 3,
m = 2 and different values of α.
fading models (α-κ-µ and α-η-µ), and analytical tractability,
as it reduces to a finite mixture of the much simpler α-µ distri-
bution for the case of µ and m being integers. The performance
analysis of wireless communication systems operating over
this channel was exemplified for two key metrics like the OP
and the average capacity.
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